The different steps of phagocytosis, attachment, ingestion and intracellular killing of cells of Helicobacter pylori strain 17874 (expressing sialic acid-specific haemagglutininl and cells of H. pylori strain 17875 (expressing non-sialic acid-specific haemagglutinin) have been studied. More cells of sialopositive H. pylon' strain 17874 have been found attached to human peripheral blood mononuclear leukocytes (PBM) and mouse peritoneal inflammatory macrophages (PIM) than cells of sialonegative H. pylon' strain 17875. Binding of cells of H. pyfori strain 17874 has been significantly inhibited by treatment of phagocytes with neuraminidase. Inhibition af adhesion of these bacteria preincubated with foetuin to normal phagocytic cells has also been found. Well adhering cells of H. pylori strain 17874 were more resistant to killing mechanisms of human PBM and mouse PIM than cells of strain 17875. Good, probably sialic acid-specific haemagglutinin dependent, adhesion of H. pylon' bacteria to phagocytes can be considered as an important virulence factor which facilitates the pathogen to avoid the defence mechanisms.
Introduction
Helicobacter pylori, a Gram-negative spiral shaped microaerophilic microorganism, causes Type B gastritis in humans and probably is involved in development of gastric cancers [1,21. Many different constituents of cells of H. pylon ' are responsible for pathogenicity of these bacteria: cell surface urease [3, 4] , vacuolating cytotoxin [5-71, bacterial lipopolysaccharide (LPS) [S] , 54-kDa protein [9, 10] . It has been reported that H. pylori expresses sialic acid-specific or non-sialicacid specific agglutinating activity against erythrocytes of different species [11, 12] . The interaction between H. pylon' and the acidic glycosaminoglycan heparan sulphate, a component of cell-surface or proteoglycans of epithelial and mesenchymal cells, has been also described [131.
The previous preliminary studies showed a difference in interaction of cells of H. pylon' strain 17874 (expressing sialic acid-specific haemagglutinin) and cells of H. pylori strain 17875 (expressing non-sialic acid-specific haemagglutinin) with human polymorphonuclear leukocytes (PMN). Cells of strain 17874 were poorly attached/ingested by PMN, compared to cells of strain 17875. The surface sialic acid-specific haemagglutinin seems to be involved in attachment but it probably disturbs the uptake of bacteria by PMN. In the present study the different steps of phagocytosis, attachment, ingestion and intracellular killing of cells of H. pylori strain 17874 and 17875 by human peripheral blood mononuclear leukocytes (PBM) and mouse peritoneal macrophages (PIM) were examined. There are many suppositions as to how the cells of H. pylon ' can escape defence mechanisms. One suggestion is that they can survive in phagocytic cells due to resistance to the systems of intracellular killing.
Materials and Methods

Bacterial strains and growth conditions
H. pylori strain 17874 (expressing sialic acidspecific haemagglutinin) and cells of strain 17875 (expressing non-sialic acid-specific activity) were obtained from the Culture Collection, University of Gothenburg (CCUGI, Sweden. The strains were identical with strains 11637 and 11638, respectively, from the National Culture Type Collection (NCIC), London, UK. Strains were stored in Tryptic Soy Broth (TSB) containing 15% glycerol at -80°C. Before use, the bacteria were thawed and grown for 36 h at 37°C in microaerophilic conditions on 5% horse blood agar [141. The bacteria were harvested in phosphatebuffered saline (PBS, pH 7.2), washed twice by centrifugation, and adjusted photometrically (Linson 3 photometer, Lars Ljungberg Co., Stokholm, Sweden) to the appropriate density confirmed by spread plate method.
Isolation of human blood mononuclear leukocytes
Peripheral blood mononuclear cells (PBM) were obtained from fresh blood collected by vein puncture from healthy donors with heparin as anticoagulant. The fraction of mononuclear cells was separated by centrifugation (400 x g for 30 min at 25°C) on Lymphoprep (Nycomed Pharma AS, Oslo, Norway). The band containing mononuclear leukocytes was collected, washed three times with RPMI-1640 medium supplemented with 10% (heat-inactivated, 30 min, 56°C) and foetal calf serum (FCS, Flow Laboratories, Irvine, UK). For culturing, the cells were distributed in 96-well plates (5 x lo5 cells per well) and incubated for 2 h at 37°C in an atmosphere of 5% CO,, followed by extensive washing with RPMI-1640 to remove nonadherent cells. The adherent cells were more than 90% mononuclear cells, as verified by staining with Giemsa stain solution, and viability monitored by trypan blue exclusion was > 95%.
Determination of the number of PBM bound to the wells was based on a selective staining of the phagocyte nuclei with methylene blue (Sigma, St. Louis, MO), followed by extraction of the stain [15] . Briefly, monolayers were stained with 100 ~1 of methylene blue (0.1% w/v in borate buffer, 0.1 M, pH 8.7) for 10 min. The excess stain was washed three times with 0.01 M borate buffer and the incorporated stain was extracted from the stained cells by HCl (100 ~1, 0.1 M) at 37°C for 30 min and read at 630 nm in a microtiter plate reader (Labsystem Multiskan Plus, Finland). A standard curve made for each test served to estimate the number of phagocytes per monolayer. Various concentrations of cells (1 X lo3 to 1 X 106) were sedimented in wells and stained as above. The values of optical density at 630 nm of extracted dye were plotted as a function of the number of phagocytic cells in each well. The number of adherent cells was 2 X 105/ well and remained stable during a course of assay.
Murine peritoneal macrophages
An inflammatory response was induced in mice by injecting 1.5 ml proteose peptone (Difco, Detroit, MI) intraperitoneally (i.p.). Four days later, cells were harvested by peritoneal lavage with RPMI-1640 containing 10% FCS. Washed viable cells were plated in 96-well flat-bottom microtiter plates in RPMI-1640 containing 10% FCS (3 x lO'/well). After 2 h of incubation at 37°C in an atmosphere of 5% CO,, non-adherent cells were removed by vigorous washing with warmed RPMI-1640. All assays were performed on the remaining adherent cells which were more than 95% mononuclear cells. The number of adhering cells (2 x 105/well) was calculated as previously.
Determination of attachment and ingestion of bacteria
Attachment of bacteria to phagocytic cells was determined by ELISA. [161. Monolayers of phagocytes on microtiter plates were incubated at 4°C for 30 min with cells <of H. pylori (2 X lo6 in 100 ~1 RPMI-1640 without serum and antibiotics). The plates were centrifuged (100 X g for 5 min) to accelerate bacterial sedimentation. The monolayers were then washed three times with RPMI-1640 to remove unattached bacteria, and fixed for 10 min with metharml. Non-specific peroxidase activity of phagocytes was stopped by incubation for 5 min with 100 ~1 3% H,O,.
Unbound plastic was blocked with 100 ~1 5% bovine serum albumin (BSA fraction V, Sigma) in PBS for 1 h at 37°C a.nd wells were washed three times with PBS supplemented with 0.05% Tween 20 (Sigma). To estimate the number of bacteria attached extracellularly to the phagocytes, 100 ~1 of rabbit anti-H. pyfori antibodies (diluted 1:500 in PBS-5% BSA supplemented with Fc portion of human IgG (10 pg ml-'), (Sigma), for blocking Fc receptors on macrophages) was added to each well. After incubation for 1 h at 37"C, the monolayers were washed six times with PBS-0.05% Tween 20. To each well 100 ~1 of horseradish peroxidase-labelled swine antibodies against rabbit immunoglobulins (Dakopatts, Denmark) diluted 1:5000 in PBS-5% BSA were added, and incubation was continued for 1 h at 37°C.
After six washes with PBS-0.05% Tween 20, a substrate solution co:ntaining l,Zortho-phenylenediamine (OPD, Dalkopatts) was added to each well. The colour was allowed to develop for 15 min in the dark and read in a microtiter plate reader (492 nm). The control in which bacteria, but no phagocytes, were present and controls in which the anti-H. py,lori or HRP conjugate were added separately to monocytes to assess nonspecific binding were also included. The ELISA values for the controls with bacteria alone gave, on average, 2 X lo4 bacteria per well. The values for phagocytes alone consisted of 8-10% of the maximum values in test samples.
Calculation of the numbers of attached and ingested bacteria
Different numbers of bacteria (from 1 X lo3 to 1 x 107) in distilled water were seeded onto the bottom of 96-well plates by allowing the bacteria to dry overnight at 37°C and fixed for 10 min with methanol. The ELISA with rabbit anti-H. pylori antibodies was performed as described previously. The values for optical densities at 492 nm were plotted as a function of the number of bacteria in each well. The standard curve prepared for each experiment was used to calculate the number of bacteria attached per monolayer.
To estimate the ingestion of bacteria, the phagocytes were incubated with cells of H. pylon' for 30 min at 4°C and then washed with RPMI-1640 and fixed for 10 min with methanol. After incubation of the bacterium-phagocyte mixture at 4°C for 30 min the number of attached bacteria per phagocyte was determined by ELISA as described above and it represents attachment at zero time. The average number of bacteria bound per single phagocyte was calculated by dividing the number of bacteria bound per monolayer by the number of phagocytic cells attached per well (2 x 105), determined by methylene blue staining as described previously. To the second set of samples containing phagocytes with attached bacteria, 100 ~1 of fresh RPMI-1640 was added and plates were shifted to 37°C to switch on uptake, or incubated at 4°C to compare attachment at the same time points.
Bactericidal assay
Bacterial suspensions (100 ~1, 2 x lo7 cfu/ml in RPMI-16401, were added to the monolayers of phagocytic cells in 96-well plates. Plates were incubated for 30 min at 4°C to allow attachment of bacteria to phagocytes, washed with RPMI-1640 and lysed with 100 ~1 of distilled water for 20 min at 37°C. Samples were diluted serially 310 with RPMI-1640 and spread on agar plates. The number of viable bacteria was calculated from the number of cfu after 76 h of incubation at 37°C in microaerophilic conditions. The second set of timed samples was supplemented with 100 ~1 of fresh RPMI-1640 and shifted to 37°C for 30, 60 and 120 min to allow ingestion and intracellular killing. After each culture period the monolayers were incubated at 4°C for 30 min with RPMI-1640 containing 50 pg ml-' gentamycin to kill extracellularly attached bacteria and, after extensive washing, the phagocytes were lysed with distilled water, diluted serially and spread on agar plates as described above. Percentage of killing was calculated as (A -B/A) X 100, where A is the number of cfu at time 0, and B is the number of cfu at 30, 60 or 120 min [17] .
Blocking of bacterial suflace haemagglutinin sHA with foetuin
Bacterial cells (1 x 108) were preincubated (30 min at 37°C) with 1 ml foetuin from foetal calf serum (1000 pg ml-' in PBS, Sigma) prior to use in phagocytosis assay. Bacteria were washed twice with PBS and adjusted spectrophotometrically to the appropriate density with RPMI-1640. The bacteria preincubated with foetuin and untreated controls were used in the phagocytosis assay as described previously.
Enzyme treatment of mouse macrophages
Monolayers of mouse peritoneal macrophages and PBM, before being used in phagocytosis assay, were treated with 1 U-'/ml neuraminidase (from Clostridium perfringens, type VI, Sigma), for 30 min at 37°C. The enzyme-treated and control-untreated cells were washed four times with RPMI-1640 and used to estimate attachment of bacteria as described previously.
Immune sera
Polyclonal antisera against the whole cells of H. pylori strain 17874 were prepared by immunization of adult New Zealand rabbits. The animals were injected subcutaneously with 1 x lo8 heat-killed bacteria mixed with Freund's Complete Adjuvant (Difco) and boosted in the same manner but with bacteria in Freund's Incomplete Adjuvant four times at 10 day intervals. Seven days after the last injection, rabbits were bled and the titre of specific anti-H pylon' antibodies was determined by ELISA using acidic glycine cell surface antigen extracts of cells of H. pylon' strains 17874 and 17875 [18]. Binding of anti-H. pylori antibodies to the two different surface antigen extracts was the same. Sera were sterilized by filtration through 0.2 pm milipore filters (Sartorius GmbH, Gottingen, Germany) and stored at -80°C. 
Statistical analysis
Statistics were calculated by Student's t-test.
Results
Attachment and ingestion
The results from attachment and ingestion of H. pylon' bacteria by human monocytes are shown on Fig. 1 . The data represent a mean from three separate experiments k standard deviation (S.D.).
At 4°C in serum free medium, human PBM bound greater numbers of H. pyfori 17874 (13 bacteria/monocyte) than of H. pylon' cells 17875 (3 bacteria/ monocyte). The difference was statistically significant (1' = 0.001). In the control monolayers incubated at 4°C the number of attached bacteria remained stable during the time course of the whole experiment. When monolayers with bound bacteria were shifted to 37°C the ELISA values decreased, indicating an ingestion of attached bacteria. The possibility of losing attached bacteria was excluded by the lack of any increase in the number of free bacteria in the supernatants of the cultures (1 h at 37°C). This was determined by incubation of supernatants on agar plates and also by the ELISA. After 30 min of incubation, almost all PBM-attached H pylori 311 cells 17875 were ingested; however, after 2 h of incubation at 37°C there were about three 17874 bacteria per monocyte detected in the ELISA. Mouse macrophages also bound more cells of H pylon' strain 17874 than cells of strain 17875 (Fig.  2) . The data represent a mean from three separate experiments + S.D.
After 30 min of incubation at 4°C 15 cells of H. pylori strain 17874 were bound per macrophage and only 4 cells of H. pylori strain 17875 (P < 0.001). When bacterium-macrophage mixtures were shifted to 37°C the attached bacteria were ingested. After 1 h of incubation there were no external H. pylori strain 17875 but some H. pylon' 17874 were still bound to the phagocytes (3 bacterial cells per macrophage).
Effect of neuraminidase and foetuin on attachment of cells of H. pylon' to mouse peritoneal macrophages
In order to study the role of cell surface bacterial haemagglutinins in the binding of bacteria to phagocytes, an inhibition of adhesion assay was developed. Mouse peritoneal macrophages were pretreated with neuraminidase (30 min at 37°C) to remove sialic acid-rich surface structures and incubated with cells of H. pylori. Neuraminidase treated macrophages bound fewer cells of H. pylon' strain 17874 as compared to non-treated mean from one representative experiment done macrophages (38% inhibition, P < 0.001). Preinin triplicate + S.D. cubation of macrophages with neuraminidase did Preincubation of the strains with foetuin (30 not affect binding of cells of H pylon' strain min at 37°C) significantly reduced adhesion of 17875. Weak enhancement of binding was nostrain 17874 (55% inhibition, P < 0.05) as comticed (P < O.Ol), (Fig. 3) . The data represent a pared with adhesion of untreated bacteria. Bind- ing foetuin treated .H. pylon' strain 17875 with mouse macrophages was weakly enhanced (P > 0.051, (Fig. 4) . The data show a mean f SD. from one representative Iexperiment repeated three times.
H. wlori
Bactericidal activity
Almost all PBM-attached H pylori cells 17875 and most of the PEIM-attached H pylori cells 17874 were ingested during 60 min of incubation (Fig. 1) .
Data presented in Fig. 5a show that, at 60 min, Fig. 5a and b were selected from one representative experiment repeated five times. 
Discussion
Binding of many bacterial species to animal cells is mediated by lectin-like molecules, 'adhesins or agglutinins' that are present on the bacterial surfaces and are specific for carbohydrate residues present on the animal cells [191.
Haemagglutinins of H. pylori seem to mediate adhesion of bacteria to human mononuclear leukocytes as well as to mouse peritoneal macrophages. In the present study, attachment, ingestion and killing of H. pyfori by both types of phagocytic cells were studied. and that mutants of Bordetella pertussis, -which did not express toxic activity, had decreased abilities to enter and to survive inside macrophages [22] . Also, treatment of granulocytes with pertussis toxin resulted in decreased phagocyto'sis of immunoglobulin G opsonized S. aureus [23~] .
Several factors might contribute to survival of H. pylon' in phagocytes. Many strains produce a cytotoxin which induces vacuolation of different cell lines in vitro and stimulates inflammation in vivo [5,6]. All strains produce urease which generates ammonia toxic for eucaryotic cells [3, 4] . Acidification of phagosomes as a consequence of degranulation of lysosomes during phagocytosis facilitates the killing of the ingested microorganisms. It is known that function of lysosomes can be blocked by ammonium chloride [24, 25] which, bound with H+, accumulates in phagocytes causing the rise of pH. Since many lysosomal enzymes function in an acidic environment they may become inactive at the presence of high level of urease. By this, this enzyme can protect H. pylon' from phagocyte killing. Also catalase and a high level of superoxide dismutase [261 may decrease bactericidal activity of phagocytes. Preliminary studies suggest that H. pylon' probably affects the release of 0; during respiratory burst, which was studied by reduction of the nitroblue tetrazolium (NBT) dye (data not shown).
It has been reported [27] that H. pylon' strains capable of activating and agglutinating neutrophils are found significantly more often in patients with peptic ulcer disease than in those with active chronic gastritis only. Andersen et al.
[28] found that cells of H. pylori were killed by human polymorphonuclear and mononuclear leukocytes when opsonized with immune serum. The killing rate of opsonized H. pylon' depended on the ratio of bacteria to phagocytic cells. On the other hand, it was also found in the Campylobacter jejuni model [29] that attachment to and ingestion by neutrophils did not correlate with the extent of bacterial killing. The results shown in our paper suggest that strong, probably sialic acid-specific haemagglutinin-dependent, attachment of H. pylon' bacteria 17874 does not favour their killing by mononuclear phagocytes.
Since strains of H. pylon' differ in their resistance to intracellular killing further experiments, explaining which bacterial factors facilitate surviving of microorganisms during phagocytosis and which factors produced by phagocytes are involved in defence, would be of great importance.
